Introduction: Cognitive deficits are frequent after coronary artery bypass graft (CABG) surgery and consequently could lead to a decrease in quality of life. This is the first study that has been conducted with the aim of examining the efficacy of a computerized cognitive rehabilitation therapy (CCRT) in improving quality of life in patients after CABG surgery.
Introduction: Cognitive deficits are frequent after coronary artery bypass graft (CABG) surgery and consequently could lead to a decrease in quality of life. This is the first study that has been conducted with the aim of examining the efficacy of a computerized cognitive rehabilitation therapy (CCRT) in improving quality of life in patients after CABG surgery.
Methods:
In this study, an interventional trial with pre-, post-, and follow-up assessments in active (CCRT), active control and control groups was conducted. Seventy-five patients after CABG surgery were selected and assigned to the groups (n = 25 for each group). CCRT consists of four modules of attention, working memory, response inhibition and processing speed training with graded schedule in 20-min sessions three times per week within 8 weeks. Cognitive functions (attention and working memory) were assessed by the tests of continuous performance, Flanker, useful field of view and digit span at three time points: pre-and post-intervention (T0 and T1) and 6-month follow-up (T2). Quality of life was assessed by the SF-36 questionnaire at the same time points. The CCRT group received the cognitive rehabilitation for 2 months, active control group received a sham version of CCRT in an equal time duration and control group did not receive any cognitive intervention.
Results: Repeated measures analysis of variance (ANOVA) revealed a time by group interaction on cognitive functions, with CCRT producing a significant improvement at T1 (p < 0.01) and these improvements were maintained at T2. Moreover, in CCRT and active control groups, quality of life (QoL) improved at T1 and these improvements remained stable throughout follow-up (T2). However, improvement of QoL in CCRT group was greater than improvement of QoL in the other two groups at T1.
Pearson's correlation analysis shows a positive correlation between QoL improvement and sustained attention and working memory enhancement (p < 0.05).
INTRODUCTION
Coronary artery disease (CAD) is the main cause of cardiovascular death worldwide (Okrainec et al., 2004) including United States (Benjamin et al., 2018) , Europe (Townsend et al., 2016) , and Iran (Hatmi et al., 2007) . CAD is characterized by atherosclerosis in the pericardial coronary arteries. Atherosclerotic plaques can cause narrowing or blockage of coronary arteries and reducing blood flow and oxygen to the heart muscle (Cesar et al., 2014) . Coronary artery bypass graft (CABG) surgery is one of the major treatment strategies for severe CAD ; it is a surgical procedure to relieve angina (Samuel and Gopal, 2004) . The aims of CABG surgery are to reduce previous symptoms of patients with coronary disease such as discomfort from chest pain , reduce the risk of heart attack, increase patient's chance of living longer (Harris et al., 2013 ) and improve quality of life (QoL) (Järvinen et al., 2003; Panagopoulou et al., 2006; Kaur et al., 2013) . World Health Organization (WHO) defines QoL as "the individual's perception of his/her position in life, within the cultural context and the values in which he/she lives, as well as relation to his/her objectives, expectations, standards and concerns." Thus, according to WHO, QoL includes of mental, physical and social well-being (The Whoqol, 1998) . Therefore, the importance of the health-related QoL is significant in patients after the CABG surgery (Lee et al., 2015) .
Beside all the benefits from CABG surgery, there are some evidences indicating that QoL is lower in patients after CABG surgery than healthy population (Marwick et al., 1999; Bradshaw et al., 2006; Rantanen et al., 2008) . CABG surgery has different negative side effects. It is often associated with systemic inflammatory response and dysfunction of several organs, including brain; diffuse cerebral injury after CABG surgery may result in cognitive deficits (Kok et al., 2014) . Also, some studies have shown that cerebral hypoperfusion occurs after cardiac surgery (Hogue et al., 2008) , and it seems that there is relation between cerebral hypoperfusion and attention functions (Chokron et al., 2013) .
Many previous studies have shown that cognitive deficits following CABG surgery include memory, attention, (psycho) motor speed, and visuospatial ability (Shaw et al., 1987; Hammeke and Hastings, 1988; Newman et al., 2001; Bruggemans, 2013; Goto and Maekawa, 2014) . Selective and sustained attention and working memory decline are the most common cognitive deficits after CABG surgery and have been reported within 10 days after surgery (Toner, 1998; Westaby et al., 2001; Knipp et al., 2004) . Cognitive deficits have been recognized as a significant complication after CABG surgery (Newman et al., 2001 ) and a risk factor for reduction in clinical health (Keizer et al., 2005) . Cognitive deficits after CABG surgery have been associated with delayed postoperative recovery (McKhann et al., 1997) , loss of independence, delayed return to work and impaired QoL (Bruce et al., 2013) . The prevalence of short-term cognitive deficits (<2 weeks after surgery) has been estimated in 30-80% and long-term cognitive deficits (more than a month after surgery) in 10-60% of the patients (Rasmussen et al., 2001) . Cognitive deficits can lead to significant damage to QoL in CABG patients after surgery (Kiessling and Henriksson, 2005; Phillips-Bute et al., 2006) by increasing risk for unemployment (Kiessling and Henriksson, 2005) , hindering abilities to maintain social roles at a desirable level and poor function in daily life activities (Pan et al., 2015) .
The association between cognitive deficits and QoL has been studied among different groups of patients including Alzheimer's disease (AD), Parkinson's disease, traumatic brain injury (TBI), and multiple sclerosis (MS) (Anderson et al., 2011; Leroi et al., 2012; Bosboom and Almeida, 2016; Camara et al., 2017) . Previous studies have stated that cognitive deficits influence QoL by affecting the cognitive functions (such as memory) and reducing the learning skills and social and occupational performances (Barker-Collo et al., 2009; Ojeda et al., 2012) .
However, despite all efforts made in the field of routine cardiac rehabilitation (RCR) (including medical evaluation, exercise training, cardiac risk factor, education and counseling) to improve the QoL (Hevey et al., 2003; Taylor et al., 2004; Aldena et al., 2006) , some studies have stated that the proportion of patients who suffer from neurological complications has not changed and their QoL has not improved after RCR (PhillipsBute et al., 2006; Cropsey et al., 2015) . So we need a treatment that specifically focuses on cognitive deficits. Cognitive rehabilitation therapy (CRT) has a long and successful history in the field of TBI, schizophrenia and AD (Salazar et al., 2000; Velligan et al., 2006; Choi and Twamley, 2013) . CRT is the science of compensating cognitive processing; it can result to the molecular and cellular recovery rehabilitation by integrating the behavioral and cognitive changes (Zarghi, 2014) . CRT is used to improve cognitive functions including attention, memory and decisionmaking (Rezapour et al., 2016) . CRT consists of two components: restorative exercises and compensatory strategies (Samuel, 2008) . The aim of restorative exercise is to restore the impaired cognitive functions by using computerized or paper-pencil exercises. While, the aim of compensatory strategy is to train patients how to use external tools to compensate their cognitive impairments (Barman et al., 2016) . Computerized training programs have several advantages over paper-based training tools. For example, they can increase patient's motivation for treatment because of direct feedback and reducing treatment duration (Yoo et al., 2015; Politis and Norman, 2016) .
There is a study that has investigated the efficacy of CRT as a treatment to improve cognitive deficits after CABG surgery. Neuropsychological battery was used to assess cognitive changes following cardiac surgery. Training sessions included attention and working memory training tasks to improve divided attention and memory. Findings showed significant impact of trainings on attention and memory. Also, improvement of some cognitive functions that were not trained during intervention was reported (de Tournay-Jette et al., 2012) . But, some questions have remained unanswered. For example, it is still unclear if improving cognitive functions would lead to improving QoL in CABG patients after surgery or not.
Therefore, the present study has been conducted to assess the efficacy of using computerized cognitive rehabilitation therapy (CCRT) as a supplementary treatment to RCR in patients after CABG surgery in terms of both cognitive functioning and QoL. Although there are some studies that have suggested another strategies to improve QoL in CABG patients such as optimizing patients' expectations (Rief et al., 2017) , the hypothesis of this study was that patients who receive RCR plus CCRT would show greater improvement in cognitive functions and QoL than those who receive RCR plus sham version of CCRT and who receive RCR without any cognitive intervention.
MATERIALS AND METHODS

Participants
In this experimental study, a three-armed interventional trial with pre-, post-, and follow-up assessments in CCRT, active control and control groups was conducted. This study was a single blind trial in which 75 patients (male = 50 and female = 25) enrolled after CABG surgery between October 2017 and September 2018 in Tehran Heart Center. Allocation was carried out by the patient enrolment date (the first month = CCRT group, the second month = active control group, and the third month = control group). Before starting RCR, general assessment of patients (including demographic and clinical data) was recorded and patients completed the QoL questionnaire (SF-36), then baseline assessment of cognitive functions was done using Continuous performance, Flanker, Useful Field of View, and Digit Span tests. During the intervention period, control group only received RCR, active control group received RCR plus sham version of computerized cognitive training program and CCRT group received RCR plus computerized cognitive training program.
Patients were included in the study if they were 40-80 years of age, scheduled for a first CABG surgery without concomitant surgery, capable of perception of the research purpose, able to give informed consent before any study, able to speak in Persian with study personnel, able to read and write and work with computer and participate in concurrent standard routine rehabilitation during the trial. Patients were excluded if they used any medications that could have any effect on the cognitive functions (all antihypertensives and diuretics, antidepressants and anticonvulsants), had previous or current drug or alcohol abuse and had a mental disorder (major depression, schizophrenia or bipolar disorder) due to their negative effects on cognitive functions (Wetherell et al., 2002; Sheline et al., 2006; Sandi, 2013) and QoL (Gudmundsdottir et al., 2004) . It should be mentioned that a structured clinical interview was used to screen for mental disorders by a certified psychiatrist. This study was approved by Ethics Committee of the Iranian Ministry of Health (reference number: IR.ut.Rec.1395029) and the Iranian Registry of Clinical Trials (IRCT ID: IRCT2017022132704N1) (https://irct.ir/trial/25408).
Intervention
Patients in CCRT group received CCRT plus RCR. CCRT was conducted individually in 24, 20-min sessions within 8 weeks. The cognitive training program applied in this study was Maghzineh R ; Maghzineh R is a computerized training for cognitive rehabilitation that activates different cognitive functions including attention, working memory, and inhibition.
Maghzineh R developed in 24 sessions. Generally the level of difficulty for each task increases gradually (see Patients in the control group received RCR without any cognitive intervention for 2 months.
Assessments
Assessments were performed at three time points: pre-, postintervention, and 6-month follow-up.
Neuropsychological Assessments
Cognitive functions (including sustained, selective and divided attention and working memory) were evaluated by the following assessments:
• Continues Performance Test (CPT): This is a test to measure sustained attention which means the ability to keep attention focused over time (Mirsky et al., 1991) . The version used in this study has 50 digits as stimulus in which 10 stimuli (20%) are targets. Display time of each stimulus was 150 ms and interval between stimuli was 200 and 500 ms, respectively. Patients were presented a simple set of visual stimuli (random digits from 1 to 9) in specific period of time and were asked to respond to target stimulus (9 number) as quickly as possible by pressing the space bar once. This test measures the time of the response as well as its accuracy.
• Flanker Test (FT): This test was designed in the early 1970s by Eriksen and Eriksen. The FT assesses the selective attention and response inhabitation (Eriksen and Eriksen, 1974) . Selective attention allows to successfully focus on goal relevant information while inhibiting irrelevant information. As such selective attention is part of inhibitory control (Reuter et al., 2019) . In this study, patients were presented 80 sets of arrows as a stimulus (central arrow as target stimulus surrounded by other distractor arrows). In the first step, patients were asked to focus on the center of computer screen and press direction arrow on the keyboard of computer that its direction is the same as central arrow on the screen. In second step, patients were asked to press opposite direction arrow key with central arrow on the screen.
• Useful Field of View Test (UFoVT): UFoV is a test to assess divided attention (Gray et al., 2014 (Goghari and Lawlor-Savage, 2017) . In the FDS subsection, patients were presented with a series of digits on the computer screen; each trial includes a sequence of digits (varied from 2-8) flashing at once. Patients were asked to repeat the sequence in the same order, immediately after presentation. A correct response increases the length of the subsequent list by one digit, while two sequential incorrect responses end up the test. In the BDS, the patient was asked to choose the sequence in reverse order.
Quality of Life Assessment
QoL Short Form (SF-36) questionnaire: This test was designed in the 1992s by Ware and Sherbourne. The SF-36 questionnaire asks 36 questions related to an individual's functional health and well-being (Ware and Sherbourne, 1992) . The SF-36 assesses eight aspects of QoL, including physical functioning (PF), role physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), role emotional (RE), and mental health (MH) (Qu et al., 2009 ). Scores were calculated for each of these different aspects of health in the range 0-100, low score indicating poor health status (Talamo et al., 1997) . The reliability of the Persian version of this questionnaire has been confirmed by using Cronbach's alpha from 0.77 to 0.90 (Montazeri et al., 2005) .
Clinical Assessments
After admission, the cardiac rehabilitation team including doctors, nurses, nutritionists and mental health specialists recorded demographic and clinical data (Diabetic Mellitus, Hypertension, Family History, and Hyperlipidemia). Since many evidences suggested that patients experience depression, anxiety and stress after CABG surgery (Tully and Baker, 2012; Chaudhury et al., 2016) , the DASS scale was used for comparison of groups in baseline. In a study conducted in Iran with 378 non-clinical adults, Cronbach's alpha for Depression, Anxiety and Stress scales were 0.85, 0.85, and 0.87, respectively (Asghari et al., 2008) .
Statistical Analysis
Based on a p-value of 0.05, an expected drop-out from assessments of 50%, the study had a power of 80%, and an effect size of 0.25 (medium), a group of 75 subjects defined as a sample size. Descriptive statistics were used to describe the baseline characteristics of participants. Kruskal-Wallis H test was conducted to assess baseline differences of nonparametric characteristics of patients in three groups, analysis of variance (ANOVA) was used for parametric characteristics. Also, analysis of correlation was used to assess relationship between QoL and cognitive functions in baseline among all participants. The assumption of normal distribution of all parameters was examined with Kolmogorov-Smirnov, as a result the significance level of all parameters was ≥0.05, indicating a normal distribution. Repeated ANOVAs were performed to evaluate the effect of group (CCRT vs. control vs. active control), time (T0 vs. T1 vs. T2) and the time by group interaction, including only patients who accomplished the whole clinical trial according to the protocol. To estimate the effect size of intervention, partial eta squared values (η 2 p ) were used and Pearson correlation analysis was conducted to illuminate the relationship between QoL improvement and cognitive functions enhancement among all participants. The QoL improvement and cognitive functions enhancement were calculated by subtracting the scores of QoL and cognitive functions in pre from Follow-up assessment. Where significant effects were found, pairwise comparison were carried out using the Bonferroni correction. Results of the post hoc comparison were presented as mean difference (MD) with 95% confidence interval (CI) and standard error (SE). Finally, an expectation maximization (EM) algorithm was performed to take the missing data into account. All statistical analysis was performed using SPSS v.23.0. Data for this study is pre-registered and accessible on Open Science Framework (OSF), titled "Efficacy of Neurocognitive Rehabilitation After Coronary Artery Bypass Graft Surgery in Improving Quality of Life." https://osf.io/m249v.
RESULTS
Baseline Characteristics
Patient flow is presented in Figure 2 . A total of 75 participants after CABG surgery were registered and assigned 1:1:1 to CCRT, active control and control groups.
Baseline analysis showed no significant difference in terms of demographic variables (p > 0.05), clinical variables (p > 0.05), cognitive functions (p > 0.05), and QoL (p > 0.05) measures between the three groups ( Table 1) and there was no significant correlation between QoL and cognitive functions among all participants (sustained attention: Pearson's r = 0.00, p = 0.958; selective attention: Pearson's r = 0.11, p = 0.331; divided attention: Pearson's r = 0.03, p = 0.781; working memory: Pearson's r = 0.08, p = 0.488). In addition, a comparison of completers and drop-outs in all three groups found no baseline difference in the demographical and clinical characteristics of those assigned to intervention.
Primary Outcomes in Final Assessment
The repeated ANOVA was carried out; in the Table 2 the main effect of time, intervention and time by group interaction as well as mean scores corresponding to time points is presented. Furthermore in the Table 3 pairwise comparison results are reported according to Bonferroni correction.
Sustained Attention
Findings of present study implied that there was time effect on sustained attention as well as a large-sized intervention by time interaction (p < 0.001, (Figure 3) . There was no effect of group on sustained attention.
Selective Attention
There was large-sized effect of time on selective attention score and a large-sized intervention by time interaction (p = 0.002, η 2 p = 0.29). Selective attention in the CCRT group, but not in the other two groups, improved at T1 relative to baseline (MD = 15.98, 95%CI = [4.03, 27 .92], SE = 4.35, p = 0.008) and this improvement remained stable at T2 (MD = −0.91, 95%CI = [−1.87, 0.05], SE = 0.35, p = 0.068) (Figure 3) . There was no effect of group on selective attention.
Divided Attention
There was time effect on divided attention score also large-sized effect group by time interaction (p = 0.00, η 2 p = 0.33), reflecting the lack of change in divided attention in control and active control groups (control group: T0 vs. (Figure 3) . There was no effect of group on divided attention. 
Working Memory
There were group and time effects on working memory score. There was large-sized effect group by time interaction (p < 0.001, η 2 p = 0.51). Pairwise comparisons confirmed that the CCRT led to improvement of working memory score at T1 relative to baseline (MD = 16.82, 95%CI = [10.71, 22 .92], SE = 2.22, p < 0.001) that was maintained at T2 (MD = −1.39, 95%CI = [−6.13, 3.34], SE = 1.72, p = 1.000) (Figure 3) . Pairwise comparison revealed that the working memory improvement in CCRT group was significantly greater than the working memory improvement in other two groups. Table 2 presents QoL mean scores corresponding to pre-, post-intervention and 6-month follow-up measurements. There were time and group effects on QoL and Large-sized effect group by time interaction (p = 0.001, η 2 p = 0.31). Pairwise comparison confirmed that in CCRT and active control groups, but not in control group, QoL increased at T1 relative to T0 (CCRT group: MD = 25.41, 95%CI = [14.93, 35 .89], SE = 3.81, p < 0.001; active control group: MD = 8.62, 95%CI = [0.51, 16 .74], SE = 2.76, p = 0.037). In both groups the improvement remained stable at T2 (CCRT 
QoL Outcomes in Final Assessment
Correlation Between QoL Improvement and Cognitive Functions Enhancement
All patients were included in the analysis of correlation Table 4 shows relationship between QoL improvement and cognitive functions enhancement. Findings of current study shows significant correlation between QoL improvement and cognitive functions (except selective and divided attention) TABLE 2 | Summary of pre-and post-intervention and 6-month follow-up measures and significant interaction on repeated ANOVA.
Components CCRT group
Control group Active Control group (n = 14) (n = 11) (n = 10) T1  T2  T0  T1  T2  T0  T1 Values represent mean scores (SD and η 2 p are between parenthesis and brackets respectively). Significant time by group interaction was observed. T0 = pre-intervention (week 0); T1 = post-intervention (week 8); T2 = 6-month follow-up (week 32). 
EM Algorithm
The EM algorithm is a general method for obtaining maximum likelihood estimates of parameters from incomplete data. The EM algorithm is based on the intuitive idea of estimating the missing value and iteratively re-estimating the parameters using the estimated missing values (Imtiaz and Shah, 2008) . Thirty-seven patients (51%) from three groups refused to complete the assessments at T2. Statistical analysis showed no significant difference in terms of demographic variables (p > 0.05), clinical variables (p > 0.05), cognitive functions (p > 0.05), and QoL (p > 0.05) measures between dropout and remained patients. This indicates a random pattern of missing values.
In the EM algorithm there were main effects of time and group as well as the time by group interaction for all outcome scores (sustained attention: p < 0.001, η 2 p = 0.23; selective attention: p < 0.001, η 2 p = 0.27; divided attention: p < 0.001, η 2 p = 0.28; working memory: p < 0.001, η 2 p = 0.47; QoL: p < 0.001, η 2 p = 0.27) ( Table 5) .
DISCUSSION
The purpose of this study was to examine the efficacy of a CCRT in a group of patients after CABG surgery. We sought to find whether using cognitive rehabilitation could improve the QoL in this group of patients. According to what we have found, significant QoL improvement was detected in patients who received CCRT compared to the other two groups. In other words, our results support the beneficial effects of incorporation of cognitive rehabilitation in the RCR. This is one of the first studies to demonstrate the effectiveness of using cognitive rehabilitation after CABG surgery. The positive association between cognitive rehabilitation and the improved QoL has been previously reported in patients with MS, Parkinson's disease and brain tumors (Locke et al., 2008; Paris et al., 2011; Mitolo et al., 2015; Grasso et al., 2017) . But less is known about the patients who receive CABG surgery, while a large body of evidence reports postoperative cognitive deficits in this group of patients (Shaw et al., 1987; Hammeke and Hastings, 1988; Newman et al., 2001; Bruggemans, 2013; Goto and Maekawa, 2014) .
We used a computerized cognitive rehabilitation program for one group of patients which resulted in improved cognitive functions in terms of sustained, selective, divided attention and working memory. This result extends the previous work by de Tournay-Jette et al. (2012) by using a larger sample size. In our study, those patients who receive CCRT within 2 months, outperformed the other two groups on different tests of attention and working memory. This suggests that the applied program was an efficient cognitive training for our sample that could help them to engage and disengage their attention properly in the context of real life.
Moreover, a significant improvement in sustained attention was found for our control group but not for the active control group. This shows that the sham version used for the active control group, didn't provide any targeted training.
Consistent with previous studies, improved cognitive functions is associated with better QoL (Fabre et al., 2002; Prasad et al., 2007; Woods et al., 2012) . This is because cognitive impairments can reduce daily function and social interactions of individuals and make them more dependent on others for their everyday activities (Kiessling and Henriksson, 2005; Ojeda et al., 2012; Pan et al., 2015; Saraçlı et al., 2015) . Therefore, it is no surprising that QoL was reported higher by CCRT group compared to the other two groups. While the active control group achieved the same positive results as the CCRT group, Values represent mean scores (SD and η 2 p are between parenthesis and brackets respectively). Significant time by group interaction was observed. T0 = pre-intervention (week 0); T1 = post-intervention (week 8); T2 = 6-month follow-up (week 32).
the CCRT group rated QoL significantly better than the active control group. With regard to the possibility of chance findings due to the high rate of drop-out at follow-up, it is very important for future investigations to carry out the similar study with larger sample size.
Taken together, these results suggest the benefits of adding cognitive rehabilitation as an adjunct therapeutic intervention for patients undergoing CABG surgery to ameliorate postoperative cognitive deficits and increase QoL. These results offer a new line of research for developing a new cognitive rehabilitation tool that specifically targets postoperative cognitive deficits that are commonly observed in this group.
Our study has several strengths. We have used a 3-arm interventional design that allowed us to compare three different conditions. There was also a 6-month follow-up to track the training benefits over time. But, there are also some limitations that should be noted. First, the CCRT used in this study was focused on attention and working memory, so further studies would benefit from targeting other cognitive functions including executive functions (Rezapour et al., 2017) . Second, we didn't consider the far transfer effects of training in real life situations (e.g., managing household, managing medications), thus we suggest to use relevant measures for better understanding the effects of cognitive rehabilitation. Another limitation of this study is related to the high rate of drop-out at 6-month followup that should be considered and controlled in future studies. Finally, our limitation to access patient's medical record was a barrier to consider them in our analysis, so including these data in future investigations allows detailed comparison of the baseline characteristics.
In conclusion, the results obtained in this study with regard to improvement of cognitive functions as well as QoL in patients after CABG surgery, may follow valuable clinical implications for those who provide health care services for this group of patients.
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